Stepping activities when wearing a weighted vest may enhance physical function in older persons. Using 3 weighted-vest resistance dosages, this study characterized the lower-extremity joint biomechanics associated with stepping activities in elders. Twenty healthy community-dwelling older adults, ages 74.5 ± 4.5 yrs, performed 3 trials of forward step-up and lateral step-up exercises while wearing a weighted vest which added 0% body weight (BW), 5% BW, or 10% BW. They performed these activities on a force platform while instrumented for biomechanical analysis. Repeated-measures ANOVA was used to evaluate the differences in ankle, knee, and hip maximum joint angles, peak net joint moments, joint powers, and impulses among both stepping activities and the 3 loading conditions. Findings indicated that the 5% BW vest increased the kinetic output associated with the exercise activities at all three lower-extremity joints. These increases ranged from 5.9% for peak hip power to 12.5% for knee extensor impulse. The application of an additional 5% BW resistance did not affect peak joint moments or powers, but it did increase the joint impulses by 4-11%. Comparisons between exercise activities, across the 3 loading conditions, indicated that forward stepping preferentially targeted the hip extensors while lateral stepping targeted the plantar flexors; both activities equally targeted the knee extensors. Weighted-vest loads of 5% and 10% BW substantially increased the mechanical demand on the knee extensors, hip extensors (forward stepping), and ankle plantar flexors (lateral stepping).
Stepping activities when wearing a weighted vest may enhance physical function in older persons. Using 3 weighted-vest resistance dosages, this study characterized the lower-extremity joint biomechanics associated with stepping activities in elders. Twenty healthy community-dwelling older adults, ages 74.5 ± 4.5 yrs, performed 3 trials of forward step-up and lateral step-up exercises while wearing a weighted vest which added 0% body weight (BW), 5% BW, or 10% BW. They performed these activities on a force platform while instrumented for biomechanical analysis. Repeated-measures ANOVA was used to evaluate the differences in ankle, knee, and hip maximum joint angles, peak net joint moments, joint powers, and impulses among both stepping activities and the 3 loading conditions. Findings indicated that the 5% BW vest increased the kinetic output associated with the exercise activities at all three lower-extremity joints. These increases ranged from 5.9% for peak hip power to 12.5% for knee extensor impulse. The application of an additional 5% BW resistance did not affect peak joint moments or powers, but it did increase the joint impulses by 4-11%. Comparisons between exercise activities, across the 3 loading conditions, indicated that forward stepping preferentially targeted the hip extensors while lateral stepping targeted the plantar flexors; both activities equally targeted the knee extensors. Weighted-vest loads of 5% and 10% BW substantially increased the mechanical demand on the knee extensors, hip extensors (forward stepping), and ankle plantar flexors (lateral stepping).
Because muscular attributes, including strength, work, and power, are positively associated with older-adult performance during functional activities (Bassey, Fiatarone, O'Neill, et al., 1992; Buchner & de Lateur, 1991; , clinicians and researchers have used a variety of resistance-exercise programs in attempts to preserve physical function and independence. Many of these programs, although successful in clinical-research environments, have limited feasibility because they require participant travel (Cress, Buchner, Questad, et al., 1999; Fatouros, Taxildaris, Tokmakidis, et al., 2002) , personal trainers or physical therapists (Rhodes, Martin, Taunton, et al., 2000; Timonen, Rantanen, Ryynanen, et al., 2002) , or specialized equipment (Newton, Hakkinen, Hakkinen, et al., 2002) . Consequently, their generalizeability to larger populations may be problematic. To address these concerns, recent studies have focused on exercise activities that can be performed by elders in the home, without supervision, and with a minimum amount of inexpensive equipment Salem, Wang, Azen, Young, & Greendale, 2001 ).
Stepup exercise activities include these qualities.
The effectiveness of step-up exercise is evidenced by the findings of Worrell et al. (Worrell, Borchert, Erner, Fritz, & Leerar, 1993) , who reported improvements in leg strength and functional performance after only 4 weeks of a lateral step-up training in women ages 43-44 years. Similarly, Bean and colleagues (Bean, Herman, Kiely, et al., 2002) recently reported that 12 weeks of weighted-vest stair climbing increased both muscle and stair-climbing power in participants age 65 and older. Surprisingly, little is known about the muscle-specific demands of these exercises, because biomechanical analyses of these activities have been limited and have focused primarily on landing-phase reaction forces and not joint kinetics (Maybury & Waterfield, 1997; Salem, Ward, & Lee, 2000) . Moreover, biomechanical analyses of stepping exercise using older adults had not been reported.
To address this lack of knowledge, we recently characterized the mechanical demands at the hip, knee, and ankle during forward step-up and lateral step-up activities in elders (Wang, Flanagan, Song, Greendale, & Salem, 2003) . Our results suggested that the peak net joint moments generated during forward and lateral step-up activities were similar; however, the forward step-up generated greater peak joint power and total work at the hip, while the lateral step-up generated greater work and power at the knee and ankle. The above study was performed under conditions whereby the participant's body mass was used as the sole form of resistance. While body mass is an acceptable form of resistance during the initial stages of training, it may take systematic increases in resistance to improve muscular performance.
One form of resistance training for seniors, currently receiving much attention, is weighted-vest training (Bean et al., 2002; Greendale et al., 2000; Salem et al., 2001; Shaw & Snow, 2000; Snow, Shaw, Winters, & Witzke, 2000) . Weightedvest training may be ideal for older adults because it can be used during functional activities (e.g., step-up training and chair standing) and does not require extensive equipment, close supervision, or participant travel. Moreover, the resistance dosage can be adjusted in accordance with the exercise prescription, by adding or removing small weight packets. Recently we reported that the application of a weighted vest, loaded to 5% of a participant's body weight (BW), increased the knee extensor (13.8%) and ankle plantar flexor (5.7%) peak joint moments in men and women ages 60-90 during walking (Salem et al., 2001) . Previous intervention studies of weighted-vest use in older adults have been equivocal, demonstrating both improvements (Bean et al., 2002; Shaw et al., 1998) and no change in strength and functional performance. These disparate results are likely due to differences in the resistance used, the types of exercise activities performed, or both. Unfortunately, the paucity of biomechanical information currently associated with weighted-vest exercise renders it difficult to interpret these outcome discrepancies.
The purpose of this investigation was to determine the effect of resistances of 5% BW and 10% BW (using the weighted vest) on the hip, knee, and ankle mechanics associated with forward and lateral step-up exercises. We hypothesized that the kinetics (joint moments, powers, and impulse) would increase linearly with increasing resistance and would differ between forward and lateral stepping activities. This information may assist physicians, therapists, and exercise specialists when designing activity programs for elders.
Methods
Older adults, 8 men and 12 women (74.5 ± 4.5 yrs of age), were recruited for this study from the greater Los Angeles area. Their average mass was 68.5 ± 15.6 kg and average height was 1.63 ± 0.13 m. The participants were healthy, independently mobile, and predominantly Caucasian. They were screened using a selfadministered medical history form, a previously published physical activity questionnaire (Advanced Activities of Daily Living Hierarchical Scale) (Reuben & Siu, 1990) , bone scans of the lumbar spine and dominant femoral neck using dual-energy X-ray absorptiometry (DEXA, Hologic QDR1500, Waltham, MA), and a physician's letter allowing for participation. Medical exclusion criteria included a known history of (a) neurological diseases (e.g., Parkinson's), (b) musculoskeletal disorders such as joint arthroplasty, current injury or pain, or osteoporosis (T-score < -2.5), and (c) cardiovascular disorders (e.g., angina). All participants gave informed written consent, and USC's institutional review board approved the study protocol.
The participants had taken part in an earlier study characterizing several lower extremity activities and were instructed in the performance of the activities by a Certified Strength and Conditioning Specialist (CSCS, National Strength and Conditioning Association). They returned after a 3-month hiatus and performed both the forward step-up (FS) and lateral step-up (LS) activities normally without external resistance (0% BW), and while wearing a weighted vest with loads of 5% and 10% BW. The vest is a lightweight nylon garment with pockets in front and back. Resistance weight is loaded symmetrically among the anterior and posterior pockets. The order of performance for the stepping activities was randomly assigned, but the loading conditions were not. Using established warm-up and safety principles associated with the progression of resistance doses (Holcomb, 2000) , participants always performed the 0% BW condition first, followed by the 5% BW condition, and finally by the 10% BW condition. Careful observation by the CSCS ensured that all participants continued to perform the exercises appropriately.
Instructions for the FS were taken from published techniques (Earle & Baechle, 2000) and were modified for the LS (see below). Three single-repetition trials were performed, each at a self-selected pace and using a standard step height of 21 cm. For the FS, participants were situated below the floor surface facing the force platform. When instructed to proceed, they placed their dominant foot (the one they would use to kick a ball) completely on the force platform. This initiated the start of a trial. Participants then transferred their weight to the dominant limb and extended the lead hip and knee to move the body to a standing position on top of the force platform. They were instructed, before each trial, not to push-off with their nondominant (trailing) limb. They paused briefly once they were standing with both feet on the force platform. This constituted the end of the ascending phase. For the descending phase, they again transferred their weight to the dominant limb and stepped off the step/force platform with the nondominant limb. Once the nondominant limb returned to the starting position, they stepped off the force platform with their dominant limb and placed it alongside the nondominant limb. This constituted the end of a trial.
The instructions for the LS were similar, except that the participants faced 90° from the force platform with their dominant limb closest to the force platform. They maintained this position throughout the movement. During data collection, a safety bar was also provided to assist them in the event of a slip or fall. They were instructed, however, not to use the bar to assist their stepping activities. The safetybar standard was also positioned on a third force platform in order to identify trials in which the participants used the bar to assist their movements. These trials were then repeated.
Our biomechanical methods have been described elsewhere (Wang et al., 2003) . Briefly, reflective markers (2.5-cm spheres) were taped bilaterally over anatomical landmarks of the foot, leg, thigh, and pelvis (holes were cut into the participant's shorts to permit accurate placement of the markers). Lower-extremity kinematic data were collected at 60 Hz using a 6-camera motion-analysis system (Vicon 370, Oxford Metrics, Oxford, UK). Ground reaction forces were collected at 1200 Hz from force platforms (Model #OR6-6-1, AMTI, Watertown, MA) embedded into the floor. Hip, knee, and ankle maximum joint angles were calculated using the methods described by Kadaba, Ramakrishnan, and Wootten (1990) and Davis, Ounpuu, Tyburski, and Gage (1991) . Joint kinetics were calculated using methods described by Kadaba, Ramakrishnan, and Wootten (1987) with published anthropometric data (Winter, 1990) .
Data processing software, Workstation (Oxford Metrics) and Datapac 2000 (RUN Technologies Co., Laguna Hills, CA) were used to calculate the 3-D hip, knee, and ankle joint angles and net joint moments during the stance phase of both step-up exercises, under all three loading conditions. The mean values obtained over three trials for each dependent variable (maximum ankle, knee, and hip sagittal-plane flexion angles, net joint moments, joint powers, and joint impulses) were used for the statistical analysis. Additionally, coronal-plane hip and knee net joint moments and impulses were examined.
All statistical procedures were employed using SPSS software version 10.0 (SPSS, Chicago). Three-factor ANOVAs (Activity type ϫ Phase ϫ Loading condition) with repeated measures were conducted to evaluate the differences in the mean values of peak net moments and powers at each joint, among the stepping conditions, movement phases, and loading conditions. When a statistically significant (p ≤ 0.05) effect was identified for loading condition, dependent t-tests were performed to assess the differences among the 0% BW, 5% BW, and 10% BW conditions. Two-factor ANOVAs (Activity type ϫ Loading condition) were also used to evaluate the differences in maximum flexion angles, movement durations, and joint impulses among the two step-up activities and three loading conditions. Here again, when a statistically significant effect was identified for loading condition, dependent t-tests were performed to assess the differences among the three resistances.
Results
Average maximum hip flexion angles did not differ across loading conditions, p = 0.38; however, the FS activity produced an 8.4% greater average maximum angle than the LS activity, p < .001 (Table 1) . At the knee and ankle, average maximum angle differences were small (< 2%) or not statistically significant across loading conditions; however, LS generated a 6.0% greater maximum knee-flexion angle than FS, p < .001, and a 45% greater maximum dorsiflexion angle than FS, p = .001.
Average movement duration did not differ between exercises, p = .670; however, there was a main effect for loading condition, p = .041 (Table 2 ). The 0% BW condition took an average of 3.9% longer than the 5% BW condition, p = .011, and 4.0% longer than the 10% BW condition, p = .018. The difference between the 5% BW and 10% BW condition was not significant, p = .868. There was no significant interaction, p = .665.
Average peak hip extensor, knee extensor, and ankle plantar flexor moments differed across loading conditions. Compared to the 0% condition, the average peak moments were 6.3% to 9.8% greater for the 5% BW condition, p ≤ 0.03, and 8.3% to 13.6% greater for the 10% BW condition, p ≤ 0.008 (Table 3 ). The greatest differences between the 0% BW condition and the loaded conditions were found at the knee and ankle. Differences were not detected between the 5% BW and 10% BW loading conditions, p > 0.05, for any joint. At the hip, peak moments did not differ between activity types, p = 0.585, but there was a statistically significant Activity-type ϫ Phase interaction, as the phase differences were greater with the LS activity than with the FS activity, p = .001. At the knee, peak extensor moments did not differ between activity types, p = 0.64, or phases of the movements, p = 0.60. At the ankle, average peak plantar-flexor moments were 30.8% greater with LS than with FS, p = 0.005, and were 9.75% greater during the descending phase than during the ascending phase of the activities, p = 0.011.
In the coronal plane, average peak hip and knee abductor moments differed across loading conditions. Compared to the 0% BW condition, the peak hip and knee abductor moments were 11.2% and 9.9% greater with the 5% BW condition, p ≤ 0.001, and 15.5% and 15.6% greater with the 10% BW condition, p ≤ 0.001 (Table 4 ). The 10% BW condition generated 3.9% and 5.2% greater peak abductor moments than the 5% BW condition, p ≤ 0.05. Average peak hip and knee abductor moments did not differ between activity types, p = 0.199 and p = 0.153, respectively. At the hip, average peak abductor moments were 10.2% greater during the ascending phase than during the descending phase of the activities, p = 0.002, while differences between phases at the knee were not significant, p > 0.05. At both the hip and knee there were no significant interactions, p > 0.05.
Average peak hip, knee, and ankle power differed across loading conditions. Compared to the 0% BW condition, the peak joint powers were 5.9% to 9.3% greater with the 5% BW condition, and 7.0% to 19.7% greater with the 10% BW condition (Table 5) . Differences were not detected between the 5% BW and 10% BW loading conditions for any joint, p > 0.05. In regard to activity comparisons, peak power was 43.3% greater at the hip during FS, p < .001, and 156.4% greater at the ankle during the LS, p < .001. Peak power did not differ across activity types at the knee, p = 0.13. There were also statistically significant Activity-type ϫ Phase interactions for all three joints, p ≤ 0.04, as activity differences were greater during the descending phase than during the ascending phase, and phase differences were greater with LS than with FS. The resistance applied also influenced the average extensor impulse at all three joints. Compared to the 0% BW condition, the 5%BW load demanded 6.1% to 12.5% greater angular impulse at the different joints, with 12.6% and 23.0% increases with the 10% load. The 10% BW condition exhibited 4.0% to 10.7% greater impulse than the 5% BW condition (Figure 1 ). Impulse differences between exercise activities were variable and joint-dependent. For example, FS generated a 9.7% greater hip-extensor impulse than LS, p = 0.01, and LS generated an 87.5% greater plantar-flexor impulse than FS, p < 0.001; however, the knee-extensor impulse did not differ between exercise activities, p = 0.45. In the coronal plane, hip and knee abductor impulse differed across loading conditions. Compared to the 0% BW condition, hip and knee abductor impulses were 9.8% and 10.8% greater with the 5% BW condition, p ≤ 0.001, and 16.1% and 17.3% greater with the 10% BW condition, p ≤ 0.001 (Table 6 ). Differences were not detected between the 5% BW and 10% BW loading conditions, p > 0.05, for either joint. In regard to activity types, the FS generated 66.2% greater impulse at the hip, p ≤ 0.001, and 116.7% greater impulse at the knee, p ≤ 0.001, than LS. A significant Exercise ϫ Phase interaction, p ≤ 0.01, was detected at both joints, as the abductor impulse was greater during the ascending phase with the FS, but greater during the descending phase with the LS.
Discussion
The addition of a 5% BW vest increased the kinetic output (peak moments, power, and impulse) associated with the exercise activities at all three lower-extremity joints. These increases ranged from 5.9% for peak hip power to 12.5% for the knee joint impulse, suggesting that wearing a weighted vest of 5% BW resistance while performing step-up activities is an effective method of increasing the demand on the lower-extremity musculature in older adults.
Previously we reported the effects of wearing a 5% BW vest on the peak lower-extremity joint moments produced during walking in older men and women (Salem et al., 2001) . During walking at a self-selected pace, the addition of the 5% BW vest increased the peak knee-extensor and ankle plantar-flexor moments by 13.8% and 5.7%, respectively. Peak hip-extensor moments, however, were not affected. In the present study, peak knee-extensor (8.5%), ankle-plantar-flexor (9.8%), and hip-extensor (6.7%) moments increased when participants wore the 5% BW vest during FS and LS activities. These aggregate findings indicate that the effects of wearing a 5% BW vest on lower-extremity peak joint moments during exercise depend on the type of activity utilized (e.g., walking vs. step-up activities). Moreover, if the mechanical demand on the hip extensors is to be increased using a 5% BW weighted vest, practitioners should prescribe an activity such as step-up exercise in addition to walking.
Increasing the resistance from 5% BW to 10% BW during the step-up activities produced varied effects on lower-extremity kinetics. For example, the additional resistance did not increase the peak extensor moments or joint powers. Taken alone, these findings would suggest that adding an additional 5% BW load does not increase the demand on the lower-extremity extensor musculature. Examination of the integrated measure net joint impulse, however, revealed that this was not the case. Increases in joint extensor impulse ranged from 4.0% to 10.7% when the resistance was increased from 5% to 10% BW. These increases occurred even though the self-selected duration of the movements did not change when additional resistance was applied. Because net joint impulse was calculated as the integrated amplitude of the extensor moment / time curve (DeVita, Hortobagyi, & Barrier, 1998) , these aggregate findings suggest that the exercises produced an overall greater average extensor moment when the additional 5% BW resistance was applied. Peak abductor moments were between 30-40% of peak extensor moments at the hip, and between 40-50% of peak extensor moments at the knee.
In contrast to the sagittal-plane kinetics, the coronal-plane peak moments increased with increasing resistance between the 0% BW and 5% BW conditions and the 5% BW and 10% BW conditions. Moreover, there were no increases in abductor impulse between the 5% and 10% BW conditions. Thus, weighted-vest resistance increases do not linearly or uniformly increase joint kinetics; rather, changes in joint kinetics are joint-, plane-, movement-, and load-specific. These specific responses are likely influenced not only by increases in ground reaction forces but also by changes in the mass of the trunk, a superior shifting of the body's center-of-mass position, and alterations in the location of the center of pressure. Moreover, these responses may be governed by muscle-group-specific limitations in participant strength, compensatory alterations in trunk or upper-limb positioning, subtle foot-position adjustments, or a combination of these factors.
Comparisons between exercise activities across the three loading conditions indicated that FS preferentially targeted the hip extensors and abductors, producing greater hip flexion angles, hip power, and impulse than LS, whereas LS preferentially targeted the plantar-flexors, generating greater dorsiflexion angles, peak moments, joint power, and impulse. Knee-joint extensor kinetics were similar between activity types; however, abductor moments were appreciably greater with FS. These findings are for the most part consistent with our recent report of FS and LS joint kinetics performed without external resistance (Wang et al., 2003) . However, there were three minor discrepancies.
In the present study we report a significant difference in maximum hip-flexion angle between exercises, p < 0.01, whereas differences only approached statistical significance, p = 0.09, in the previous study. Similarly, there was a statistically significant difference between activities for the hip extensor impulse, p = 0.012, in the present study; however, differences were not found in the previous study, p > 0.05. Finally, we reported a small but significantly greater (2%) extensor impulse at the knee with LS compared to FS in the previous study; however, differences were not found in the present study, p > 0.05. These relatively minor discrepancies were likely related to weighted-vest use, as between-activity comparisons were conducted across the three resistance dosages in the present study (18 total trials), but in the earlier study (6 total trials) they were conducted without regard to resistance (i.e., no additional resistance was used).
The activity-specific kinetic differences, identified across the 0%, 5%, and 10% BW resistance dosages in the present study, are likely to be clinically relevant as they ranged from 10% (hip-extensor impulse) to 156% (plantar-flexor power). These findings provide a rationale for prescribing FS when attempting to increase the muscular capabilities (e.g., power and work) of the hip extensors and abductors. Similarly, the data suggest that LS should be prescribed when attempting to increase plantar-flexor muscular capabilities.
Ascending and descending phase differences in joint kinetics were evident for both activities at the hip and ankle. Phase-dependent kinetic attributes may be important for clinicians when prescribing exercise, allowing them to adjust the load or provide assistance during different phases of the movement. The present data suggest that older adults are likely to have more difficulty during step-up ascent with their hip extensors, and during descent with their plantar flexors. Peak hip extensor moments were 8.7% greater during the ascending phase while plantar-flexor moments were 9.8% greater during the descending phase of the activities. With this knowledge, rehabilitation specialists may instruct persons with atrophied or weak hip extensors to use assistance (e.g., a handrail) during the ascending phase of the step-up movements or when they experience muscle fatigue during later repetitions of an exercise set. Similarly, persons with plantar-flexor weakness may be instructed to use assistance during the descending phases of the exercises when needed. Whenever possible, however, persons with hip-extensor weakness should be encouraged to perform the descending phase of the activities without assistance, using a support only in the event of a slip or fall. Similarly, persons with plantar-flexor weakness should be encouraged to ascend without assistance.
The findings suggest that LS kinetics are more influenced by the phase of the movement, as phase-associated differences were appreciably greater during LS compared to FS for all Activity-type ϫ Phase interactions. An interaction between loading condition, activity type, and phase was evident for the peak hipextensor moment, although the clinical relevance of this finding is not understood.
Maximum joint angles, obtained during the performance of the activities, were either not affected by the loading condition (e.g., maximum hip flexion and ankle dorsiflexion) or the effect was small and likely to be clinically irrelevant (1% difference in maximum knee flexion). These findings are not unexpected, as the step height, which is likely to have the greatest effect on joint kinematics, was similar across loading conditions. Two recent studies have examined the efficacy of weighted-vest stair-climbing exercise in older adults (Bean et al., 2002; Cress, Conley, Balding, HansenSmith, & Konczak, 1996) . Outcomes from both studies were promising, as isokinetic work and stair-climb performance improved following 12 months of intervention in women ages 65-83 years (Cress et al., 1996) , and leg power and stair-climb performance improved in men and women 65+ years following 12 weeks of intervention (Bean et al., 2002) . These results suggest that stair climbing while wearing a weighted vest of 10-20% of body weight (BW) is an effective stimulus for preserving or improving lower-extremity muscular and functional performance. Stairclimbing as an activity for seniors, however, has several accessibility and safety limitations which may prevent widescale implementation to elders.
Step-up activities overcome these obstacles because, compared to stair-climbing exercise, they are likely to be more accessible (participants can use a step bench), they are safer to perform (a fall from atop a stair case could be catastrophic), they may reduce the risk of patellofemoral injury (Salsich, Brechter, & Powers, 2001) , and they can be modified to include lateral movements (Wang et al., 2003) . Moreover, the current findings suggest that FS and LS activities can be prescribed, using resistance doses of between 0% BW and 10% BW, to increase the mechanical demand on the knee-extensor muscles and preferentially target the hip-extensor or ankle plantar-flexor muscles groups in older men and women.
These findings should be interpreted with an appreciation for the study's limitations, because the study did not consider additional variations in resistance load, step height, or movement speed. Changes in these parameters are likely to influence individual joint kinetics because there is a delicate interplay between (a) the type of activity utilized, (b) the resistance employed, (c) the speed in which the maneuver is performed, and (d) the force, work, and power the activity generates.
For example, relatively high resistance dosages may generate high muscle forces but may also slow a movement or limit range of motion, thereby reducing muscle work and power. Furthermore, this study does not address the long-term safety concerns for older adults performing these exercises without supervision or instruction. Thus, additional biomechanical and clinical-trial studies, which systematically examine the efficacy and safety of various combinations of resistance, step heights, and movement velocities, will be needed to determine the optimum prescription for preserving or improving lower-extremity muscular performance in older adults.
Although the efficacy of activity programs strongly depends on the appropriateness of the exercise prescription, selection of the activities and resistance dosages used in many programs is based on obscure and poorly defined concepts of "exercise specificity," as opposed to biomechanical analysis. Exercise prescription based on biomechanical analysis, however, is a more valid and systematic approach that is likely to yield greater success. This is because variations in exercise prescription ultimately determine which muscle groups will be targeted, and the kinetic output (force, power, and impulse) generated by those muscles. Moreover, exercise prescription based on biomechanical analysis may help (a) prevent the selecting of exercises that are not appropriate in that they do not target intended muscle groups; (b) limit the inclusion of additional exercises that are not necessary (e.g., multiple exercises that target the same muscle groups); and (c) potentially increase participant adherence by reducing the duration and frequency of the exercise routines (i.e., programs can be streamlined).
The present biomechanical investigation supports the use of forward and lateral step-up exercises, using resistance doses of between 0% BW and 10% BW, to increase the mechanical demand on the hip extensors, knee extensors, and ankle plantar-flexors in elders. Moreover, the study affirms that the forward step-up exercise preferentially targets the hip extensors, whereas the lateral step-up exercise preferentially targets the ankle plantar-flexors, across loading conditions, in older men and women.
